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Abstract 
The importance of materials’ selection for effective change in energy requirements of construction and service life 
cycle of asphalt pavement highways is well known. However, such energy related issues are rarely considered in the 
design and material selection process today. This is largely due to insufficient data and unclear methodology for 
translating effects in terms of environmental and economic savings. To address this deficiency a program was 
designed into which project specific information is inputted and used for comparison of alternative material and 
modification options in term of performance, cost, effective life span, and the magnitude of change in energy 
requirements. This paper includes a summary of this program that could be used as a design and materials’ selection 
aid for asphalt pavements.  
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1. Introduction 
An essential structural component of vehicle transportation is pavements. Pavement structures are most 
commonly surfaced with asphaltic material. These structures must be designed to withstand countless 
repeated loadings, under constantly varying climatic conditions over the course of their life cycle. Such 
complex circumstances make pavement material performance assessment an aspect of great importance 
for any project. Selection of proper pavement material of adequate structural performance may increase 
the effective life of the structure, while requiring less maintenance and repair measures. These measures 
significantly increase the life cycle cost and the level of energy consumption by increasing the frequency 
of pavement production and construction activities. Furthermore, recent advancement in chemicals and 
production methodologies indicates that significant reduction in pavement production temperatures, with 
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use of special additives, can result in significant savings in fuel and energy consumption over the course 
of  pavement construction projects.  
 
The need for more durable pavements with better performance and longer service life has led the road 
industry toward modifying asphalt binders with various polymers and chemicals (Bahia et al., 2001a). 
However, the potentially higher initial cost of the use of polymer modifiers, as well as possible increase in 
required production temperatures make the selection of the proper modifier for any project challenging, as 
overall economic savings over the life cycle are generally unknown for any given project circumstance.  
Review of current practices in various parts of the world indicates that consideration of energy 
requirements and the possible savings is rarely considered in pavement construction projects due to 
insufficient data and unclear methodology for translating environmental and energy savings into cost 
benefits.  
 
To address this issue a life cycle cost and performance analysis program was designed in which 
specific structural and material information is used for the comparison of a set of alternative design 
material modification schemes. The program uses a series of experimentally calibrated models to calculate 
gains in term of performance, cost, and effective life span for each design material alternative. 
Furthermore, a set of models based on experimental data are used to assess the potential changes in 
construction and storage temperatures, based on the percentage and type of construction material 
modification used. The program allows analysis of the estimates to yield the magnitude of change in 
energy and cost requirements for a specific pavement project. It is envisioned that this tool could be used 
by contractors and project designers to facilitate selection of design materials and modification types to 
achieve a long lasting, economical, and energy efficient pavement design. 
2. Energy Requirements in Pavement Construction 
 The most common material for paving roads is what is called Hot Mix Asphalt (HMA).   In the 
production process of HMA, considerable amount of energy is required to heat the bitumen to high 
temperatures (usually above 160°C) to achieve sufficient workability for mixing the bitumen with 
aggregate and achieving proper aggregate coating with the bitumen. For many modified bitumen, the 
modification process requires continuous agitation and heating of the bitumen in the holding tank to 
prevent the separation of the modifier and bitumen. The elevated temperatures not only increase energy 
consumption significantly, but can also lead to release of fumes during mixing and lay down processes 
(Miller and Bahia, 2009). 
 
In recent years focus of the road industry has shifted toward methods of reducing production 
temperatures. The main methodologies perused can be categorized as material modification and process 
modification. Bitumen can be modified using a range of commercially available waxes commonly 
referred to as “warm mix additives” (WMA). WMA increases the workability of bitumen, thus enabling 
proper mixing and compaction at lower temperatures, leading to lower energy requirement.  
 
Another approach is the use of emulsifier agents to create emulsions of bitumen in water. Bitumen 
emulsions are completely fluid at ambient temperatures, thus require no heating to mix with aggregate 
and to compact on road surfaces. After a curing process the water in the emulsion evaporates, leaving the 
bitumen in its required place. This approach is usually referred to as “Cold Mix Asphalt” (CMA). 
Bitumen can also be mixed with water using a “foaming” process. During foaming the bitumen is heated 
in a foaming device which then introduces pressurized air and water into the bitumen. The result is 
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foamed bitumen which is highly workable at normal temperatures. Similar to emulsions, the water in the 
foamed bitumen will eventually evaporate, leaving behind a layer of bitumen on the aggregate in the 
mixture. Such approaches to reduction of energy requirements in pavements are process based, as the 
bituminous base remains unchanged. The use of foamed asphalts and emulsions have the added benefit of 
enabling construction during sub-optimal conditions in which aggregates are damp or the ambient air 
temperatures are lower than that usually needed for HMA production (Miller and Bahia, 2009). Drying 
and mixing aggregates for HMA production has been estimated to be responsible for nearly 50% of 
pavement production energy consumption (Zapata and Gamatese, 2005). 
 
As discussed, bitumen modification type, amount and process can significantly affect energy 
requirements in a pavement project. Currently, users of warm mix asphalt and cold mix asphalt (WMA 
and CMA) technologies often base decision for the use of such temperature-reducing technologies on the 
compaction effort required to achieve target densities on the roadway, occasionally at temperatures 
comparable to that used in conventional HMA. Energy considerations in terms of reduction in production 
temperature, although potentially economically significant, are less frequently considered due to the lack 
of comparative methods encompassing energy, cost and performance considerations. In the tool 
introduced in the present study the reductions in production and storage temperature, based on type and 
amount of modifier used in the paving process, are directly accounted for. 
3. Pavement Design Methodology 
Asphalt pavements in the United States have historically been designed based on an empirical 
procedure developed by the American Association of State Highway and Transportation Officials 
(AASHTO) in the 1960s and modified multiple times since then. The procedure was developed based on 
performance observed on a series of pavement test sections made with different design materials and 
structure and subjected to controlled traffic loading over a number of years. The result was a method to 
determine pavement layer thickness using statistically derived regression models as a function of 
expected traffic volume, soil support, and required reliability level. 
 
In recent years the AASHTO design method is currently being replaced with a newer design 
methodology referred to as the Mechanistic-Empirical Pavement Design Guide (MEPDG), also sponsored 
by AASHTO. The current MEPDG method uses a program into which specific material, climate and 
traffic information is inputted and used to mechanistically calculate stress, strains and deformation in the 
pavement, ultimately used to predict pavement performance using locally calibrated pavement 
performance prediction models. The MEPDG design software uses material performance parameters as 
measured through standard specification procedures. The design procedure does not allow considering 
construction, cost and energy requirements, but is specifically focused on the structural design of the 
pavement. The material specification parameters and procedures are explained in greater detail in the 
subsequent sections. 
3.1. Material Specification Tests and Parameters 
Bitumen performance in three service temperature ranges, high (above 40°C), intermediate (between 5 
and 40°C) and low (below 0°C), is of interest to highway designers and contractors. In each of these 
temperature ranges the pavement is susceptible to a certain type of major distress, if care is not taken in 
material selection and design. At high temperatures the bitumen tends to soften, thus becoming 
susceptible to permanent deformation under loading or “rutting”. At intermediate temperatures the 
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relatively stiffer bitumen in the pavement may lead to the formation of fatigue cracks in the pavement due 
to repeated flexural deflection under traffic loading. These cracks are commonly referred to as “alligator 
cracking”. At very low temperatures bitumen becomes hard and brittle. Pavement shrinkage occurs as 
temperature drops. As the pavement is restrained to the bottom layers, free shrinkage is prevented leading 
to stress buildup, ultimately resulting in transverse cracks formed at relatively regular intervals. These 
cracks are called low temperature “thermal cracks”, or “block cracks” if cracking happens at both 
transverse and longitudinal direction, as in wider pavements and parking lots. All the above distress 
mechanisms can be prevented or mitigated with proper selection of paving material and mix design 
procedure. 
 
From 1987 through 1993, the Strategic Highway Research Program (SHRP) carried out a major 
research program in the United States to develop a performance-based specification and test methods for 
categorizing and selecting suitable paving grade bitumen based on project location’s climatic and traffic 
conditions. Similar tests and specifications were designed for the design of hot mix asphalt as part of this 
nation-wide study (Bahia & Anderson, 1995; Bahia et al. 2001a). The specifications were believed to be 
“blind to source” and thus suitable for all bitumen, regardless of source, type and modification.  
 
The basis of the SHRP system, also referred to as the “Superpave” specification, is to define an 
acceptable service temperature range in which the bitumen can be expected to perform without excessive 
distress. A series of tests are used to determine a high temperature performance grade (HT PG) and a low 
temperature performance grade (LT PG). A bitumen for which the allowable service temperature range 
have been determined following the Superpave procedure will be assigned a “performance grade” in the 
format of PG XX-YY, in which XX is the HT PG, and YY is the LT PG. Thus a PG 64-22 will have an 
allowable service temperature range from -22°C up to 64°C. Based on the expected temperature range of 
the specific project location, suitable bitumen must be selected according to its PG. Many times it is 
necessary to add modifiers to the available bitumen to enhance properties to meet project location 
temperature and traffic requirements. 
 
According to the Superpave specification, the HT PG is determined by measuring a set of mechanical 
properties representative of bitumen stiffness and elasticity (G*/sinδ) using a “Dynamic Shear 
Rheometer” (DSR). By testing the bitumen at different high temperatures using the DSR, the temperature 
at which the value of the G*/sinδ term reaches a limiting criteria value is determined. The exact 
temperature at which the criteria is met is sometimes referred to as the “True” or “continuous” high 
temperature performance grade. In practice the performance grades are converted to 6°C brackets (e.g. 
52°C, 58°C, 64°C, etc.), thus bitumen with a true HT PG of 60°C will be graded as the immediately 
preceding bracket value, in this case HT PG is 64°C. Further details of this procedure can be found in the 
literature (Bahia and Anderson, 1995; AASHTO, 2010a; AASHTO, 2010b). 
 
Determination of the Superpave LT PG is carried out with the same logic as for the HT PG. The 
bitumen stiffness and stress relaxation rates are measured at low service temperatures using a “Bending 
Beam Rheometer” (BBR) and compared to limiting specification criteria to determine the temperature at 
which the criteria is met (the “true” LT PG). Similar to the HT PG, the reported LT PG brackets have 6°C 
intervals (e.g. -16°C, -22°C, -28°C, etc.); thus LT PG of a bitumen with a true LT PG of -25°C will be 
reported as the immediately preceding LT PG, that is -22°C (Bahia and Anderson, 1995b; AASHTO, 
2005). Using the HT PG and the LT PG as described, one can determined the full performance grade of 
any bitumen, stated in the PG XX-YY format. 
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The temperature range at which a pavement at a specific location is expected to operate is based on 
historical weather and climatic data gathered by local weather stations. The data is used to calculate the 
average of the 7 annual hottest air temperatures, which will be the minimum requirement for the 
bitumen’s HT PG; and the average annual minimum temperature, which is used as the requirement for the 
LT PG. The calculated extreme surface temperatures vary from year to year with a normal distribution, 
thus using the average of historical data over the available years of data will result in 50% reliability of 
the pavement temperature not exceeding the performance range of the bitumen of the same grade. For 
some applications, such as major highways, this level of reliability is inadequate, thus a 98% reliability 
value (mean plus two standard deviations) is used as the required grade temperature limits for bitumen 
selection. The concept is portrayed in figure 1. 
 
In recent years with increase in traffic volumes and load levels contractors have increasingly moved 
toward using polymer and chemicals to modify the properties of bitumen in the pavement, to achieve 
better performance with the available material. Such “modifiers” modify the molecular structure and 
mechanical behavior of bitumen in the pavement. Studies have focused on the validity of the use of the 
Superpave specification for all bituminous material, which have resulted in the recommendation of a 
number of changes to Superpave performance grading specifications and supporting test methods to better 
characterize modified asphalt binders. These studies were based on pavement performance evaluation 
through the use of laboratory performance testing of hot mix asphalt (HMA) (Bahia et al. 2001a; Bahia et 
al. 2001b). 
Fig. 1 Reliability concept in selection of pavement service temperature limits 
 
Alternative analysis methodologies have been developed in par with new material characterization 
tests, attempting to better predict such distresses through damage characterization analysis. Damage 
characterization of asphalt binders has been identified as a more direct method of assessing the damage 
performance of the pavement based on damage properties of the constituents. These tests rank bitumen 
based on ultimate failure and damage parameters instead of stiffness properties. These tests are especially 
advantageous for characterizing modified bitumen for which material damage behavior and enhancement 
may be improperly assessed using conventional methods. Such specification methods were suggested by 
researchers during the NCHRP 9-10 project (Bahia et al. 2001a), and later used as a basis for the 
development of many new bitumen testing procedures such as the Multiple Stress Creep and Recovery 
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test (MSCR) (ASTM, 2010), the Linear Amplitude Sweep (LAS) (Hintz, et al., 2011), and the Single 
Edged Notched Beam test (SENB) (Velasquez, et al., 2011).  
 
Currently the selection of modification type is determined mostly based on unit price of product and 
availability. Energy considerations, although potentially significant in terms of economic impact on 
project, are not considered due to the lack of a comparative tool encompassing both energy, cost and 
performance considerations. 
4. Life Cycle Cost and Performance Analysis Program 
To address the aforementioned needs, a bituminous material modification selection tool was developed 
to take into account energy and cost on a performance basis. The intended audience for this tool is both 
the project designers/owners and the contractors. In the United States highway projects are rarely placed 
under warranty by the contractor, thus life time performance gain from specific material and modification 
selection may occasionally be outweighed by the initial construction cost. For the contractors knowledge 
of the potential savings due to reduction in production energy from use of specific material may be of 
higher value. On the other hand, the owners will bear the ultimate responsibility and cost incurred by 
premature failure of the pavement and consequent need for pavement rehabilitation or reconstruction, 
thus performance gain through the use of different modification types would be of specific interest in this 
regard.  
 
The tool developed in this study uses an MS Excel™ platform, and takes a step by step approach 
toward gathering the required project specific information and ultimately comparing different possible 
modification alternatives. To make the tool  as simple and user friendly as possible, the required input 
data is reduced to the essential information needed, and default values are provided for all categories. The 
user has the option to provide project specific values in place of any of the default values, depending on 
availability data. Figure 2 shows an image of the input screen of the spreadsheet in which project 
condition, design assumptions and reliability information is inputted. The climatic information containing 
average temperature values and standard deviations are available from weather stations across the United 
States through “LTPPBind” online application. For other locations this information should be entered 
based on local weather station data or grade requirement information from local agencies. Expected 
project life time traffic volume and expected project speed are commonly calculated for all highway 
projects and thus are available for any given project. Fuel cost values are known to fluctuate significantly, 
thus the user is highly encouraged to input values depending on pricing at project construction time. 
Storage time of binders after modification is added depends on the logistics of the operation, and should 
be known by the project manager. On the other hand, default software fuel consumption rates for both 
heating and maintaining constant temperatures based on average typical values are provided. Project 
specific values for these parameters may not be known, thus default values will most likely be used in this 
category. 
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1. Input Level 
Location Climatic Information 
Category Input Value 
Default 
Value 
Analysis 
Value 
98% Reliability Max Temp (°C) 72 75 72 
50% Reliability Max Temp (°C) 67 65 67 
98% Reliability Min Temp (°C) -33 -30 -33 
50% Reliability Min Temp (°C) -26 -25 -26 
Traffic and Pavement Structure Information 
Category Input Value 
Default 
Value 
Analysis 
Value 
Traffic Volume (ESALs) 2500000 10000000 2500000 
Average Traffic Speed (km/h) 65 70 65 
Fuel Cost and Consumption Information 
Category Input Value 
Default 
Value 
Analysis 
Value 
Fuel Price ($/Lit) 0.96 0.75 0.96 
Heating Consumption (Lit/°C/m3) 0.2 0.2 
Constant Temperature (Lit/hr/m3) 0.1 0.1 
Storage Time (hr) 12 24 12 
Fig. 2 Image of input level of spreadsheet (ESAL: Equivalent Single Axle Load is the result of converting total traffic 
axles repetitions of different load levels to an equivalent number of standard axles) 
 
The second stage of the spreadsheet requires the input of the PG results for the available unmodified 
base bitumen, as shown in Figure 3. The choice of the base bitumen is usually dictated by availability and 
the nearest source. Bitumen producing refineries usually produce only a few different grades, thus the 
choice of base bitumen is usually very limited and known to the contractor and owner. This information is 
entered into the spreadsheet based on the results of the Superpave PG tests as described in previous 
sections, along with the desired level of reliability (i.e. 50 or 98%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Grade requirement level of spreadsheet in which the required grade improvements are calculated based on 
inputted climatic data. 
2. Grade Requirement 
Base Binder Information 
Category Input Value 
Default 
Value 
Analysis 
Value 
HT True Grade (°C) 60 62 60 
LT True Grade (°C) -25 -23 -25 
PG HT Grade (°C) 58 58 58 
PG LT Grade (°C) -22 -22 -22 
Reliability Level (%) 50 98 50 
Binder Grade Requirements 
Category 
Input 
Value 
Default 
Value 
Analysis 
Value 
Adj. HT True Grade (°C) 67 0 67 
Adj. LT True Grade (°C) -26 - -26 
Adj. PG HT Grade (°C) 72 0 72 
Adj. PG LT Grade (°C) -22 - -22 
PG HT Grade Change Required (°C) 7 
PG LT Grade Change Required (°C) -1 
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Based on the selected level of reliability, the climatic temperature conditions, and the life cycle traffic 
volume, the spreadsheet will calculate the required performance grade limits to meet project conditions. 
By comparing these values to the base bitumen PG data, the spreadsheet calculates the level of HT PG 
and LT PG improvement needed through the use of the modification type and/or combination selected in 
third stage. 
 
In the third stage (figure 4) the user can select form a table of available modification types from which 
the user can combine percentage dosage of different modification types to achieve up to three hybrid 
alternatives for the comparative analysis. For each modification type, default values are provided by the 
software for the calculation of change in unit cost, performance indices such as HT PG and LT PG, and 
energy indices such as change in required construction and storage temperature. Optional sections are also 
available with default values of change in LAS and MSCR test parameters with type and dosage. The 
default values were defined based on a large pool of samples tested and evaluated throughout a number of 
studies. The user may add their own choice of modification in the available slots in the table, provided 
they have the relevant pricing, performance, and energy related supporting data. 
 
        
Unit Price 
High 
Temperature 
PG 
Low 
Temperature 
PG 
Mixing 
Temp 
(MT) 
Storage 
Temp 
(ST) 
M
odification 
Type 
Alt 1 (%
et.) 
Alt 2 (%
w
t.) 
Alt 3 (%
w
t.) 
Input $/%
/m
3 
Default $/%
/m
3 
Input %
/HT°C 
Default %
/HT°C 
Input %
/LT°C 
Default %
/LT°C 
Input ΔM
T/%
 
Default ΔM
T/%
 
Input ΔST/%
 
Default ΔST/%
 
Polymer A 3.5 0 0 20 1.5 -0.3 2 4 
Polymer A (Cross-Linked) 0 0 0 22 2 -0.3 3 6 
Polymer B 0 3 0 25 1.5 -0.4 1 2 
Acid A 0 1 1.5 15 3 -0.2 0 1 
Acid B 1.5 0 2 22 1.5 -0.5 3 6 
WMA A 0 0 0 5 0.2 0.5 3 6 
WMA B 0 0 0 5 -0.5 -1.5 -3 -6 
Fig. 4 Modification alternative selection and performance input level of spreadsheet in which the percentage of added 
modifier by weight of the base bitumen is inputted and used for further analysis (displayed values are fictitious). 
 
 
In the final stage (figure 5) the spreadsheet uses the inputted and default values to calculated 
performance gains at both low and high temperatures (LT PG and HT PG) for each alternative and 
compared with the calculated grade improvement requirements. Dosages of the modifiers may be 
adjusted until meeting the requirements. The change in production and storage temperature for the 
combined effects of the modifiers in each alternative are also calculated and converted to added or saved 
liters of fuel. These values are calculated through the usage of the inputted (or default) magnitudes of fuel 
consumption to heat or maintain temperature for unit volume of bitumen (1 m3). Ultimately these values 
are converted to monetary values per unit volume of modified bitumen, based on the unit pricings of the 
modifiers and the fuel consumption rates and used as the basis of comparison between different 
alternatives.  It must be noted that this program by default uses average experimental values, considering 
the combined effects of modifier combinations to be linearly additive. The results are to only be used as 
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an initial basis of modifier combination selection and approximate added costs or savings. The calculated 
performance values are not to be used in the place of experimental data for design purposes. Where 
possible, the user is encouraged to input project specific data in place of default values for most accurate 
results. 
 
An additional tool in the program is the potential increase in service life expected with each 
modification alternative. When considering  of service life of a pavement with regards to damage, the 
pavement life is expressed in terms of number of the equivalent standard truck axle loads (ESALs) the 
pavement can withstand before succumbing to failure. ESAL is a standard unit to convert a complex 
combination of truck configuration and distribution of loading into a number of these standard units based 
on possible pavement damage from the various axle loads and tire combinations.  
 
As was discussed previously, the Superpave specification parameters do not classify bitumen based on 
damage resistance properties, thus relating gains in HT PG and LT PG to number of allowable axle 
loadings is not plausible. On the other hand, damage characterization tests such as the aforementioned 
MSCR and LAS can be directly related to the rate of damage accumulation under axle loading.  For 
calculation of expected increase in service life additional input is required for the MSCR (for high 
temperatures) and LAS (for intermediate temperature) performance of the base bitumen. The LAS 
assumes the accumulation of strain with the number of axle loads to failure follows a power law. The 
power law coefficients “A” and “B” are derived from the results of the LAS tests and inputted in the 
software, to be used in eq. 1, in which A and B are experimentally derived constants and 𝛾 is the average 
binder strain level under loading in the pavement (Hintz et al., 2011). 
 
  (eq. 1) 
 
Using eq. 1 the number of allowable axle loadings is calculated for the base bitumen and compared 
with the expected traffic volume of the project to assess improvement level needed through modification. 
As was the case with the HT PG and LT PG values, a set of average experimentally derived values are 
provided for each modification type and dosage to calculate the amount of change in A and B. These 
values are used to calculate the improved number of cycles to fatigue failure (fatigue pavement service 
life) for each alternative. 
 
For the rutting pavement service life a similar approach is taken. One of the main outputs of MSCR 
test is the non-recoverable creep compliance (Jnr) from which the permanent strain under each loading 
cycle in the bitumen can be calculated. By using empirically derived conversion factors from laboratory 
experiments this value can be translated to pavement deflection in each cycle. A user defined maximum 
limit for the acceptable rut depth in the pavement is defined and the number of loading cycles to reach 
this limit are calculated. The difference between this allowable number of axle loads to rutting failure in 
the base bitumen and the expected traffic volume will need to be addressed through the use of 
modification. Jnr change per percent of each modifier type is provided by default in the program and is 
used to calculate the amount of increase in rutting service life of the pavement. Eq. 2 is based on 
formulation used in the MEPDG for calculation of rut depth in the pavement (Witczak, 2007). In eq. 2 to 
4, Δ is the rut depth, Δult is the maximum allowable rut depth (user input based on local specification), εi 
is the permanent strain remaining after each loading, hpvt is the asphalt layer depth, and τ is the loading 
stress level in the MSCR test used to measure Jnr. 
 
     (eq. 2) 
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  (eq. 3) 
 
Assuming a constant rate of strain accumulation with increasing loadings, the service life to rutting 
failure may be written as eq. 4. Although a constant rate assumption may be somewhat simplistic, more 
complicated non-linear models cannot be calibrated using only the Jnr parameter currently outputted by 
the standard MSCR test. 
 
  (eq. 4) 
 
The lesser of the calculated service life allowable axle loadings for rutting and fatigue failure should be 
considered the effective service life of the modification alternative considered. In essence, extending the 
service life of a pavement past the intended design life is the deferment of the cost of reconstruction. This 
may be considered as cost saved over the total service life of the project by spreading the initial cost over 
a larger number of service years. One way of roughly reflecting this effect over the project’s design life 
can be to adjust the total cost of the project proportionally to the increase in the design life achieved by 
the modification. Thus an increase in service life by 20% could roughly modify the total cost per year of 
service life by 1/(1+0.2), equivalent to a 17% decrease in total cost per year of service life. This 
adjustment is reflected in reported values in figure 5. 
 
Fig. 5 The results and final output level of spreadsheet in which the change in energy level and performance gains are 
calculated for each alternative and converted to monetary values for comparison. Chart shows comparison of costs 
per volume for the alternative considering only material, material and energy, and material, energy and service life. 
5. Concluding Remarks  
In this study a life cycle assessment program that includes energy and cost analysis was designed for 
selection of modification of asphalt binders for pavement applications. The tool allows  specific structural 
and material information to be inputted for the comparison of a set of alternative material modification 
approaches. The program uses a series of performance parameters to calculate gains in term of 
performance, cost, and effective life span for each design material alternative. Experimental data is used 
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to assess the potential changes in construction and storage temperatures based on the percentage and type 
of bitumen modification used. The data is analyzed in this program to yield the magnitude of change in 
energy requirements for the inputted pavement project in terms of monetary values per unit volume of 
bitumen. It is envisioned that this software could be used by contractors and project owners as a tool for 
optimum selection of design materials to achieve a long lasting, economical, and most importantly energy 
efficient design. 
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